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(54) Spark plug and method of manufacturing the same 

(57) A glaze layer (2d'; formed on the surface an h!u- 
mma-oasea insulatoi (2) of a * esistor spark plug (100;. 
contains Si0 2 (13-35% by weight), B 2 O g (25-40% by 
weight), ZnO (10-25% by weight). BaO (7-20% by 
weight), Na 2 0 (3-9% by weight), and K 2 0 (3-9% by 
weight). Since the difference between the coefficient of 
linear expansion of the glaze and that of the alumina- 
based insulating material is relatively small, the glaze 
layer (2d) is less susceptible to cracks and the like. Also, 
since the glaze has a softening point lower than that of 
conventional lead-silicate-glass-based glaze, the glost- 
firmg temperature can be as low as 800-950°C. There- 
fore, even in the case where glost firing is performed 
concurrently with a glass sealing step, a center elec- 
trode (3) and a terminal metal piece (13) are less sus- 
ceptible to oxidation Further, even though the content 
of the alkali metal component is high a good insulating 
performance is obtained, so that excellent flashover re- 
sistance is attained 
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Description 

[0001] The present invention rela:es to a soark plug and to a method of mar ufactunng the spark plug 
[0002] A spark plug used for providing ignition in an internal combustion engine such as an automobile engine typ- 
ically includes a metallic shell an insulator formed from for example an alumna-based ceramic and d sposed within 
the metallic shell and a center electrode disposed within the insulator A ground electrode is attached to the metallic 
shell The insulator axially projects from the rear opening portion of :he metallic shell. A terminal metal piece is deposed 
inside the projecting portion of the insulator Tne terminal metal piece is connected to the certer electrode via a resistor, 
conductive glass seal layers formed ir a glass sealing step, and the like Upon application of a high voltage via the 
terminal metal piece, spark discharge s induced at a gap formed between the ground electrode and the center elec- 
trode 

[0003] However, if the spark plug is subjected to certain conditions simultaneously such as high plug temperature, 
high ambient humidity, and the like, application of high voltage cannot successfully induce spark discharge at the gap. 
and there may occu f a so-called "flashover" phenomenon in which spark discharge is induced between the terminal 
15 metal piece and the metallic shell such that the spark runs over the surface of the projecting portion of the insulator 
Therefore in order to prevent the flashover phenomenon most spark plugs for general use have a glaze layer formed 
on the surface of their insulators The glaze layer also serves tor smoothing the surface ot the insulator so as to prevent 
contamination and for increasing chemical or mechanical strength 

[0004] The glaze layer is formed on an insulator, through application of glaze slurry onto the surface of an insulator 
20 and firing (particularly called "glosl firing") In the case of an alumina-based msulalor for use in a spark plug a glaze 
layer is formed on a fired insulator through subsequent baking at 1 000-1100°C, In such a case, there has conventionally 
been used lead-silicate-glass-based glaze which has a lowered softening point due to incorporation of a relatively large 
amount of PbO to silicate glass However this type of glaze involves the following drawbacks 

2S (1 ) Since the glaze has a coefficient of linear expansion lower than that of alumina-based insulating material which 

serves as a substrate the obtained glaze layer is susceptible to cracks and the like 

(2) Although the glaze contains a considerable amount of PbO. the glost-firmg temperature is still high; i.e. . 1000°C 
or more In the manufacture of spark plugs, glost firing is often performed concurrently with a glass sealing step 
so as to reduce the number of manufacturing steps Therefore, high glost-finng temperature as described ac-ove 

30 disadvantageously permits accelerated oxidation of a terminal metal piece and a center electrode A conceivable 

measure for further lowering the glost-firmg temperature ts to add alkali metal oxide such as Na 2 0 to the glaze. 
However, if the amount of alkali metal components is increased excessively, insulation performance is lowered, 
and the spark plug becomes susceptible to flashover 

(3) In recent years, concerns for environmental protection have increased worldwide, and glaze containing Pb has 
35 been used less often. For example, the automobile industry, which uses a large number of spark plugs, is consid- 
ering the complete abolition of spark plugs using glaze containing Pb, in view of the environmental effect of dis- 
carded spark plugs. 

[0005] A first object of the present invention is to provide a spark plug comprising an insulator and a glaze layer 
4 o thereon ; wherein the glaze provides high insulation performance and can be glost-fired at a relatively low temperature 
as compared with conventional glaze A second object of the present invention is to provide a method of manufacturing 
the spark plug A third object of the present invention is to provide a spark plug in which the amount of Pb contained 
in glaze is remarkably reduced so as to meet growing demands to protect the environment 

[0006] According to a first mode ot the present invention there is provided a spark plug comprising a center electrode, 
a metallic shell a ground electrode, an insulator, and a glaze layer The metallic shell is disposed so as to surround 
the center electrode One end of the ground electrode is connected to the metallic shell, while the other end of the 
ground electrode faces the center electrode The insulator is disposed between the center electrode and the metallic 
shell such that Ihe insulator covers the outer surface of the cenier electrode. The glaze layer is formed so as to cover 
at least a portion of the surface of the insulator. In order to achieve the above-desci ibed objects, glaze which forms 

so the glaze layer predominantly comprises, as elements before undergoing oxidization. Si, B, Zn, and Ba and two ele- 
ments selected from among Na, K, and Li (hereinafter these two elements are called "co-added alkali metal compo- 
nents") Specifically, the glaze contains Si in an amount of 18-35% by weight as reduced to Si0 2 , B in an amount of 
2540% by weight as reduced to B 2 0 3 , Zn in an amount of 10-25% by weight as reduced to ZnO, and Ba in an amount 
of 7-20% by weight as reduced to BaO. Also, each of the two co-added alkali metal components is contained in the 

55 glaze in an amount of 3-9% by weight, as reduced to Na 2 0, K 2 0 or Li 2 0 

[0007] The expression used herein, 'the proportion of an element is x% by weight as reduced to its oxide", indicates 
that the amount of the element is such that if all that element were present in the form of the given oxide, then the 
proportion by weight of that oxide to the total weight of the composition would be x% 
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[0008] When the insulator to be coated with the glaze is formed of, for example alumina-based insulating material, 
the difference between the coefficient of linear expansion of the insulator and that of the glaze of the above-described 
composition used for the spark plug of the first mode is relatively small, so that the glaze layer is less susceptible to 
cracks and the like Also, since the amount of the alkali metal components is set relatively high, the glaze has a softening 
s point lower than that of conventional lead-silicate-glass-based glaze Consequently, the glost-finng temperature can 
be as low as 800-950°C Therefore, even in the case where glost firinq is performed concurrently with the glass sealing 
step as mentioned above, the center electrode and the below-described terminal metal piece are less susceptible to 
oxidation. 

[0009] Further notwithstanding the high amount of the alkali metal components, excellent insulation performance 

to can be obtained. In this regard, it is important that two different alkali metal components selected from among Na, K, 
and Li be added concurrently, rather than just one type of alkali metal component being added. That is, the present 
inventors conducted studies and found the following: In the case where an alkali metal component is added alone ; as 
the amount thereof increases, the conductivity of glaze drastically increases, leading to considerable impairment of 
insulation performance However, when two types of alkali metal components are added in combination, conductivity 

15 of glaze does not increase greatly, even when the total amount of the added components is considerably increased, 
so that excellent insulation performance is secured. As a result, the amount of alkali metal components can be increased 
while permitting minimal reduction in insulation performance, leading to simultaneous attainment of the two goals, i 
e., flashover prevention and lowering of glost-finng temperature Also, the remaining third alkali metal component and 
other alkali metat components may be added, so long as the conductivity suppression effect of the co-added alkali 

20 metal components is not impaired 

[001 0] The amount of Si contained in the glaze is set within the range of 1 8-35% by weight as reduced to an oxidized 
form, St0 2 . When the insulator to be coated with the glaze is formed of alumina-based insulating material, if the Si 
content is less than 18% by weight, the coefficient of linear expansion of the glaze becomes excessively high, so that 
the glaze layer becomes more susceptible to defects such as cracks By contrast, if the Si content is in excess of 35% 

25 by weight, the coefficient of linear expansion of the glaze becomes too low, so that the glaze layer becomes more 
susceptible to defects such as crazing Preferably, the Si content is set within the range of 25-30% by weight 
[0011] The B content is set within the range of 25-40% by weight as reduced to B 2 0 3 . If the B content is less than 
25% by we i nr. i The softeninq point of the qia/e increases which can lead to faiiuie to attain glost firing at the prescribed 
desired tempcaturo (P00-950°C as described nbove) By contrast when the F content -s higher T han 40°- by weight 

j0 phase separation Tends to occur in the resultant gia/e layer, which may result in devitrification, deteriorated insulation 
performance, or incompatibility with the substrate in terms of the coefficient of linear expansion. Preferably, the B 
content is set within the range of 30-35% by weight. 

[0012] The Zn content is set within the range of 10-25% by weight as reduced to ZnO. If the Zn content is less than 
1 0% by weight the softening point of the glaze increases which can lead to failure to attain glost firinq at the prescribed 
35 desired temperature. By contrast, if the Zn content is in excess of 25% by weight, the coefficient of linear expansion 
of the glaze becomes excessively high, so that the glaze layer becomes more susceptible to defects such as cracks 
Preferably, the Zn content is set within the range ol 12-18% by weight, 

[0013] The Ba content is set within the range of 7-20% by weight as reduced to BaO. if the Ba content is iess than 
7% by weight, the insulation performance of the glaze is lowered, which can lead to impaired flashover prevention. By 
JO contrast, if the Ba content is in excess of 20% by weight the softening point of the glaze increases, which can lead to 
failure to attain giost firing at the prescribed desired temperature. Preferably, the Ba content is set within the range of 
8-15% by weight 

[0014] The two co-added alkali metal components are each contained in the glaze in an amount of 3-9% by weight 
in this case Na is calculated as reduced to Na 2 0. K is calculated as (educed to K ? 0. and Li is calculated as reduced 
^5 to Li 2 0 It the amount of at ieast one component is iess than 3% by weight, ihe softening point ot the giaze increases, 
which can lead to failure to attain glost firing at the prescribed desired temperature Also, if the amount of at least one 
component is in excess of 9% by weight, the coefficient ot linear expansion of the glaze excessively is increased, sc 
that the glaze layer becomes susceptible lo defects such as ciacks 

[001 5] Also, the total amount ot it le co-added alkali metal cur nponer its contained in the yiaze is piefeMUiy (eyuiai^U 
50 within the range of 6-14% by weight as reduced to the respective oxides If the total amount of the co-additional alkali 
metal components is iess than 6% oy weghi. the softening point ot the yiazu inoienses. which can lead to failure* lo 
attain glost firing at the prescribed desired temperature By contrast if the total amount is in excess of 14% by weight 
the insulation ocrformancc of the glaze is lowered, which can lead to impaired flashover prevention. 
[0016] Further, the value of A1/A2 is preferably regulated within the range of 10-2 0, wherein Al represents the 
55 amount by mote of one of the two co-added alkali metal components and A2 represents that of the other provided that 
Na is calculated as reduced to Na 2 0, K is calculated as reduced to K 2 0, and Li is calculated as reduced to Li 2 0. If the 
value of A1/A2 is above or below the mentioned range, the conductivity suppression effect of the co-addition of the 
alkali metal components is not sufficiently attained As a result, insulation performance of the glaze is lowered, which 
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can lead to impaired flashover prevention Preferably the value of A1/A2 is regulated within the range of 1 5-2 0. 
[0017] In order to suppress the increase in conductivity of the glaze with the amount of the alkali metal components 
Na and K are preferably used as the co-added alkali metal components In this case. Na is preferably added m an 
amount of 3-9°o by weight as reduced to Na 2 0 and K is preferably added in an amount of 3-9% by weight as r educed 
to K 2 0 

[0018] The total amount of cationic components contained in the glaze le Si B Zn Ba and co-added alkali metal 
components is preferably at least 95% by weight as reduced to their oxides When the total amount is !ess than 95% 
by weight the softening point of the glaze increases which can lead to failure tc attain glost firing at the presc r ibed 
desired temperature Preferably, the total amount is 97% by weight or more 

[0019] Further the glaze may contain as auxiliary cationic components one or more elements selected from among 
Al. Ca. Fe Zr Ti Sr. Mg, Bi. Ni Sn. P. and Mn The total amount of the auxiliary cationic components is 5% by weight 
or less with respect to the entirety of the glaze composition In this case Al is calculated as reduced to A^C^. Ca is 
calculated as reduced to CaO. Fe is calculated as reduced to Fe 2 0 3 , Zr is calculated as reduced to Zr0 2 . Ti is calculated 
as reduced to Tt0 2 . Sr is calculated as reduced to SrO. Mg is calculated as reducec to MgO Bi is calculated as reduced 
to Bi 2 0 3 . Ni is calculated as reduced to NiO. Sn is calculated as reduced to Sn0 2 . P is calculated as reduced to P 2 O s 
and Mn is calculated as reduced to MnO These components may be intentionally added for a variety of purposes In 
some cases they may be spontaneously present in the glaze as impurities (contaminants) derived from raw materials 
(or the below-described clay minerals which are added during preparation of glaze slurry) or refractory material used 
m a melting step Both Fe (II) ions (for example FeO) and Fe (III) ions (for example. Fe 2 0 3 ) can be used as Fe sources 
lor material of the glaze In the present invention, the amount of Fe contained in the resultant glaze layer is represented 
by the value as reduced to Fe 2 0 3 . irrespective of the valence numbers of Fe ions 

[0020] If the total amount of the auxiliary cationic components is in excess of 5% by weight, the total amount of the 
primary cationic components cannot be 95% by weight or more Preferably the total amount of the auxiliary cationic 
components is 3.0% by weight or less In the following description, in some cases, the primary cationic components 
and the auxiliary cationic components arc collectively referred to as simply "cationic components " 
[0021] Devitrification of the glaze is suppressed through addition of Al in an amount of 5% by weight or less Also, 
other components can be added as appropriate for regulating the softening point of the glaze. Addition of B^C^ is 
particularly effective for lowering the softening point of the glaze. 

[0022] The glaze may contain substantially no Pb (except forthe case in which Pb unavoidably migrates, for example, 
from raw materials of glaze) If the glaze contains Pb, the Pb content may be 10% by weight or less as reduced to 
PbO. If Pb is contained in the glaze in the form of an ion having a low valence number (for example, Pb 2 *), the ion is 
oxidized into an ion having a higher valence number (for example. Pb 3+ ) through corona discharge or a like phenomenon 
occ urnng on the surface of the glaze layer As a result, the insulation performance of the glaze can be lowered, resulting 
m impaired flashover prevention. Recently, concern for environmental protection has been increasing, and usage of 
material containing no Pb has been investigated From this viewpoint, the glaze used for the spark plug of the present 
invention is advantageous, since the glaze contains substantially no Pb as a cationic component. In other words, no 
problems arise in the glaze if the Pb content is lowered to a level at which the glaze contains substantially no Pb, other 
than Pb which is present in an amount up to about 1.0% by weight in the form of an inevitable impurity The object of 
reducing the Pb content of glaze is thus achieved Preferably, the Pb content is 0.1% by weight or less 
[0023] A spark plug according to a second mode of the present invention is identical with the above<Jescribed spark 
plug according to the first mode with regard to the main portions other than the glaze layer. The glaze which forms a 
glaze layer contains components serving as the primary cationic components (herein after called "primary cationic 
components") i.e. . Si. B. Zn. and Ba: at least one element selected from among Ti and Zr; at least one element selected 
from among Na : K. and Li as an alkali metal component: and Pb The amounts of the primary cationic components are 
as follows: Si is contained in an amount of 20-40% by weight as reduced to Si0 2 , B is contained in an amount of 
20-35% by weight as reduced to B 2 0 3 , Zn is contained in an amount of 15-25% by weight as reduced to ZnO. and Ba 
is contained in an amount of 10-23% by weight as reduced to BaO. The total amount of Ti calculated as reduced to 
TiQ 2 and Zr calculated as reduced to Zr0 2 is 2-10% by weight The total amount of the alkali metal components is 1 2% 
by weight or less, wherein Na is calculated as reduced to Na 2 0 ; K is calculated as reduced to K 2 0, and Li is calculated 
as reduced to Li 2 0. The amount of Pb is 0. 1 % by weight or less as reduced to PbO. 

[0024] The second mode covers the following four aspects of the present invention. The four aspects may be applied 
singly or in an arbitrary combination 

First aspect : The Si content is 20-33% by weight as reduced to Si0 2 (the first aspect may be combined with at least 
one of a second aspect, a third aspect and a fourth aspect). 

Second aspect : The Zr content is 3.4% by weight or less as reduced to Zr0 2 (the second aspect may be combined 
with at least one of the first aspect, the third aspect, and the fourth aspect) 

Third aspect The Ti content is 1 5% by weight or more as reduced to Ti0 2 (the third aspect may be combined with at 
least one of the first aspect, the second aspect, and the fourth aspect) 
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Fourth aspect : WTi/WZr is 0 2-10. wherein WZr represents Zr content as reduced to Zr0 2; and WTi represents Ti 
content as reduced to Ti0 2 (the fourth aspect may be combined with at least one of the first aspect, the second aspect, 
and the third aspect) 

[0025] Next, the action and effects of the second mode of the present invention will be described in detail, including 
s the respective actions and effects of the above-described first, second, third, and fourth aspects. The glaze layer serving 
as the main portion of the spark plug of the second mode of the present invention is characterized by comprising Ti 
and Zr in a total amount of 2-10% by weight as reduced to the respective oxides, while the total amount of the alkali 
metal components is limited to 1 2% by weight or less (including 0% by weight), and the B content is limited to the range 
of 20-3 5% by weight as reduced to an oxide, B 2 0 3 . Limiting the total amount of the alkali metal components and the 
10 B content within the above-mentioned ranges enables easy formation of a glaze layer having uniform thickness and 
fewer defects such as bubbles 

[0026] The reason why the above-mentioned effect is obtained through reduction of the amount of the alkali metal 
components and the B content is conceivable as follows: in the below-described manufacturing method of the present 
invention, if the glaze powder has a great amount of the alkali metal components and a high B content, when the glaze 

ts powder is processed into glaze slurry, these components are eluted in the slurry solvent such as water, resulting in 
increased viscosity of the slurry. If the viscosity of the slurry is drastically increased {for example, over 1000 mPa*s), 
uniform glaze-powder-coated layers become difficult to obtain, and bubbles and the like are more likely to be suspended 
in the layers. However, through selection of the above-described ranges of the amount of the alkali metal components 
and the B content, glaze slurry having low viscosity and high fluidity can be easily prepared. As a result, a glaze layer 

20 having uniform thickness and fewer defects is easily obtained 

[0027] Reduction of the amount of the alkali metal components and the B content leads to an increase in the softening 
point: i.e., an increase in the glost-firing temperature of glaze. As described above in order to suppress increase in 
the softening point, conventionally a large amount of PbO is added to glaze. By contrast, in the above-described second 
mode, instead of PbO, the oxides of Ti and Zr are added to glaze As a result, the Pb content is reduced remarkably: 

25 specifically, to 0.1% by weight or less as reduced to PbO, while an increase in the softening point of the glaze is 
suppressed Preferably the glaze contains substantially no Pb, excepting the case in which Pb migrates, for example, 
from raw materials of the glaze 

[0028] if an insulator to be coated with the giaze is formed of alumina-based insulating material, the difference be- 
tween ire coefficient of linear expansion of the glaze and that ot the insulator is relatively small so that the glaze layer 

30 becomes iess susceptible to cracks and the like Also, since the glaze has a softening point lower than that of the 
conventional lead-silicate-glass-based glaze, the glost-firing temperature can be made as low as 800-950°C There- 
fore, even in the case where glost firing is performed concurrently with glass sealing as mentioned above, the center 
electrode and the below-described terminal metal piece are not susceptible to oxidization Further, since the amount 
of the alkali metal components is reduced, the glaze layer provides excellent insulation performance (whtch leads to 

35 excellent flashover prevention). Moreover, the addition of the oxides of Ti and Zr improves water resistance or chemical 
resistance of the obtained glaze layer For example, even if the alkali metal components are contained in the glaze 
layer elution of the components is suppressed, resulting in improved withstand voltage of the glaze layer The Zr 
component has a more significant effect of improving chemical resistance of the giaze iayer than does the Ti component. 
In the present invention, the expression "excellent water resistance" refers not only to the case in which components 

JO of the tormed glaze layer are difficult to elute into water, but also to the case in which, when glaze frit is allowed to 
stand in water for a long time in the form of aqueous slurry, increase in viscosity of the slurry due to elution of its 
components is impaired. 

[0029] In the second mode, if the total amount of the alkali metal components is in excess of 12% by weight, there 
cannot be attained the remarkable effects characteristic to the second mode, such as improved fluidity of the glaze 
slurry and uniform thickness and iewer defects ot the obtained glaze layer Aiso, addition of the aikah metal components 
in an amount over the range provides adverse affects in terms of securing the insulation performance of the glaze On 
the other hand, since increase of the softening point is suppressed through addition of oxides of Ti and Zr to the glaze 
layer the amounl of the alkali metal components can be reduced lo a level al which the giaze contains substantially 
no alkah metal components, except toi at*ait meta> components which migrate foi examp-e 'iom idw mdtudal^ Foi 
so example, reducing the amount to less than 6% by weight, preferably less than 5% by weight, yields a more significant 
eu'eci oi improving the insulation performance if the alkali metal component must be adaec; n a certain amount in 
order to obtain a proper glost-firing point, adequate fluidity of the molten glaze, and the like, addition of two or more 
alkali metal components is more effective in terms of improvement of the insulation performance, as in the case of the 
first mode. 

55 [0030] If the total amount of Ti and Zr is less than 2% by weight as reduced to the respective oxides, the effect of 
suppressing increase in the softening point of the glaze becomes insufficient, which can lead to a failure to attain glost 
firing at the desired temperature By contrast, if the total amount is in excess of 10% by weight, the glost-fired glaze 
layer disadvantageously becomes susceptible to devitrification Also, if the oxides of Ti and Zr are added in proper 
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amounts the softening point of the glaze is lowered through for example eutectic reaction of the oxide with other 
oxides However since each of the oxides of Ti and Zr is substantially a high-meting-point oxide if the total amount 
of the oxides is in excess of 10% by weight, the softening point of the glaze is adversely increased which can lead to 
a failure to attain glost firing at the desired temperature Preferably, the total amount of Ti and Zr is 3-6% by weignt as 

$ reduced to the respective oxides 

[0031] Since Zr increases the viscosity of the molten glaze to a slightly greater extent than does Ti. the Zr content 
is 3.4% by weight or less, oreferably 3 0% by weight cr less as reduced to Zr0 2 as in the case of the second asoect 
in order to increase the fluidity of molten glaze and to form a uniform glaze layer having excellent appearance 
[0032] On the other hand since Ti does not increase the viscosity of the molten glaze to the extent that Zr does, the 

to Ti content is set to 1 5% by weight or more as reduced to Ti0 2 . as in the case of the third aspect to thereby advanta- 
geously form a glaze layer having more excellent water resistance or chemical resistance 

[0033] When Ti is added in an excessive amount, the coefficient of linear expansion of the glaze layer is excessively 
low In this case, if the insulator to be coated with the glaze is formed of. for example, alumina-based insulating material, 
the difference between the coefficient of linear expansion of the insulator and that of the glaze can induce defects such 

'5 as crazing in the glaze layer Therefore. Ti and Zr are preferably added in combination in order to prevent the defects 
and to increase the fluidity of the molten glaze so as to obtain a uniform glaze layer having excellent appearance, as 
well as excellent water resistance or chemical resistance Specifically, as in the case of the fourth aspect, WTi/WZr is 
0 2-10. wherein WZr represents Zr content as reduced to Zr0 2 and WTi represents Ti content as reduced to Ti0 2 . If 
WTi/WZr is less than 0 2. the relative Ti content tends to be insufficient In such a case, in order to fully obtain an effect 

20 of increasing water resistance or chemical resistance, the Zr content must be increased. As a result, the viscosity of 
the molten glaze is increased in some cases, resulting in impaired appearance of the glaze layer By contrast, if WTi/ 
WZr is in excess of 10, the Zr content must be increased in order to fully obtain an effect of increasing water resistance 
or chemical resistance As a result, the coefficient of linear expansion of the glaze layer becomes excessively low. so 
that the glaze layer becomes susceptible to crazing and the like Preferably. WTi/WZr is 0.5-7 

25 [0034] In the abovc-dcscribcd second mode, the amount of Si contained in the glaze is set to 20-40% by weight as 
reduced to Si0 2 When the insulator to be coated with the glaze is formed of alumina-based insulating material, if the 
Si content is less than 20% by weight, the coefficient of linear expansion of the glaze becomes excessively high, so 
that the glaze layer becomes susceptible to defects such as cracks By contrast, when the Si content is higher than 
40% by weight, the coefficient of linear expansion of the glaze becomes adversely low so that the glaze layer becomes 

30 susceptible to defects such as crazing Also, if the Si content is 38% by weight or less as in the case of the first aspect, 
defects such as crazing are suppressed in the glaze layer. Preferably, the Si content is set within the range of 25-35% 
by weight as reduced to SiOo. 

[0035] In the second mode, the B content is 20-35% by weight. If the B content is less than 20% by weight, the 
softening point of the giaze is increased, resulting in a failure to attain glost firing at the desired temperature (800-950°C 

35 as described above) By contrast, if the B content is higher than 35% by weight, there cannot be attained the remarkable 
ef-ects characteristic to the second mode, such as improved fluidity of the glaze slurry, and uniform thickness and fewer 
defects of the obtained glaze layer Further, there can result adverse effects involving problems as follows: the obtained 
glaze layer becomes more susceptible to phase splitting, resulting in devitrification; the insulation performance of the 
glaze layer is lowered; and a large difference is provided between the coefficient of linear expansion of the glaze layer 

JO and that of the material to be coated with the glaze. Preferably, the B content is set within the range of 20-28% by weight. 
[0036] In order to enhance the effect of improving the fluidity of the glaze slurry, the total amount (calculated as 
reduced to oxides) of B and the alkali metal components is preferably 42% by weight or less, preferably 35% by weight 
or less Also, in order to suppress excessive increase of the glost-firing temperature the total amount (calculated as 
reduced to the respective oxides) of the alkali metal components, Ti. and Zr is preferably 8% by weight or more 

J5 [0037] In the second mode, the Zn content is set within the range of 1 5-25% by weight as reduced to ZnO If the Zn 
content is less than 1 5% by weight, the softening point of the glaze is increased excessively which can lead to a failure 
to attain glost firing at the desired temperature. By contrast, if the Zn content is higher than 25% by weight, the coefficient 
of linear expansion of the glaze becomes excessively high, so that the glaze layer becomes more susceplible to defects 
such as cracks. The Zn content is preferably set within the range of 15-20% by weight, more preferably 17-20% by 

50 weight 

[0038] In the second mode, the Ba content is set withtn the range of 10-23% by weight as reduced to BaO If the Ba 
content is less than 10% by weight, the insulation performance of the glaze is lowered, which can lead to impaired 
flashovcr prevention By contrast, if the Ba content is higher than 23% by weight, the softening point of the glaze 
increases, which can lead to failure to attain glost firing at the prescribed desired temperature. Preferably, the Ba 
55 content is set within the range of 12-18% by weight 

[0039] In the first and second modes, the glaze contains the above-described cationic components or auxiliary cat- 
ionic components mainly in the form of oxides However, in many cases, the forms of the oxides cannot be identified; 
for example, because the components form amorphous glass phases In this case, so long as the respective amounts 
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(as reduced to oxides) of the components contained in the glaze layer fall within the above-described ranges, the spark 
plug formed from the glaze falls within the scope of the present invention 

[0040] The amount of each of the cation ic components contained in the glaze layer formed on the insulator is identified 
through a known microanalysis technique such as EPMA (electric probe micro analysis) or XPS (X-ray photoelectron 
5 spectroscopy) For example, if characteristic X-rays are measured in EPMA. both the wavelength dispersive X-ray 
method and the energy dispersive X-ray method can be used Alternatively, the composition can be identified through 
chemical analysis or gas analysis conducted on a glaze layer peeled from the insulator 

[0041] The spark piug having the above-described giaze layer according to the present invention includes a rod- 
shaped terminal metal piece portion. The terminal metal piece portion is disposed within the through-hole of an insulator 

10 such that it is integrated with a center electrode so as to form a single unit, or is separated from the center electrode 
with a conductive bonding layer disposed therebetween. In this mode, the entirety of the spark plug is maintained at 
500°C, an electric current is caused to flow between the terminal metal piece portion and the metallic shell with the 
insulator disposed therebetween, to thereby measure the insulating resistance In order to secure insulation durability 
at high temperature, the insulating resistance is preferably maintained at 200 Mi> or more, in view of prevention of 

75 flashover and the tike 

[0042] FIG 8 shows an example of a system lor measuring insulating resistance. FIG. 8 depicts a spark plug 100 
comprising a terminal metal piece 1 3 and a metallic shell 1 The terminal metal piece 1 3 is connected to a DC constant- 
voltage power supply (for example, a power supply providing 1000 V) The metallic shell 1 is grounded. An electric 
current is caused to flow tnrough the spark plug 100 while the same is being heated at 500°C in a heating furnace. 
20 For example, in the case where an applied electric current Im is measured by use of a resistor for measuring an electric 
current (resistance Rm), an insulating resistance Rx to be measuted is represented by an equation. (VS/lm) - Rm, 
wherein VS is current-carrying voltage (in FIG. 8, the applied electric current Im is measured as an output from a 
differential amplifier which amplifies the difference between voltages measured at the opposite ends of the resistor for 
measuring an electric current). 

25 [0043] The insulator may be formed from alumina-based insulating material containing Al in an amount of 85-98% 
by weight as reduced to AU0 3 . In this case, the glaze preferably has an average coefficient of linear expansion of 50 
x 10- 7 /°C to 85 x 10- 7 /°C as measured within the temperature range from 20° C to 350°C. If the coefficient of linear 
expansion fails beiow the lower limit, the spark plug becomes susceptible to defects such as crazing By contrast, -f 
the coefficient of linear expansion is ahovp *hp upper limit the spark piug becomes susceptible to defects such a- 

•30 cracks More preferably, the coefficient of linear expansion is 60 x 10" 7 /°C to 80 x 10 /°C 

[0044] The coefficient of linear expansion of the glaze can be deduced from a value obtained in the following manner 
Materials are mixed so as to obtain a composition substantially identical with that of the glaze: the mixture is melted 
so as to obtain vitreous glaze bulk; a sample is cut from the bulk; and the coefficient of expansion of the sample is 
measured by a known method using a dilatometer or a like technique. Alternatively, the coefficient of linear expansion 

35 of the glaze layer formed on the insulator can be measured by use of, for example, a laser interferometer or an atomic 
force microscope. 

[0045] The spark plug according to the first mode is manufactured through a first manufacturing method of the present 
invention. The first manufacturing method includes a glaze powder preparation step, a glaze powder accumulation 
step, and a glost-firing step 

40 [0046] The glaze powder preparation step includes mixing source powders for Si, B ; Zn : and Ba as cationic compo- 
nents, and source powders for two elements selected from among Na, K ; and Li (co-added alkali metai components) 
such that the mixture contains Si in an amount of 1 8-35% by weight as reduced to Si0 2 , B in an amount of 25-40% by 
weight as reduced to B 2 0 :j , Zn in an amount of 10-25% by weight as reduced to ZnO ; Ba in an amount of 7-20% by 
weight as reduced to BaO and each ol the co-added alkali metal components in an amount of 3-9% by weight when 
Na is reauced to Na 2 0. K is reduced to K 2 CV and Li is reduced to LioO. heating and melting the mixture at 1000-15CQ°C. 
rapidly cooling and^virlnficatmg the molten material; crushing the virtrificated material into frit; and preparing glaze 
powder from the frit. 

[0047] The glaze powdei accumulation step includes applying the glaze powder on the surface of an insulator so as 
to toim a yidZe-powcJei -accumulated iayei 
so [0048] The glost-firing step includes firing the insulator at 600-950°C so that the glaze-powder-accumulated layer is 
oaked and fixed on the suitnce of the insulator 

[0049] The spark plug of the second mode is manufactured through a second manufacturing method of the present 
invention. The second manufacturing method includes a glaze powder preparation stop, a glaze powder accumulation 
step, and a glost-firing step. 

55 [0050] The glaze powder preparation step includes mixing source powders for Si. B, Zn, and Ba as primary cationic 
components and source powders for at least one element selected from among Ti and Zn such that the mixture contains 
Si in an amount of 20-40% by weight as reduced to Si0 2 , B in an amount of 20-35% by weight as reduced to B 2 0 3> 
7n in an amount of 15-25% by weight as reduced to ZnO, Ba in an amount of 10-23% by weight as reduced to BaO, 
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and T i and/or Zr in a total amount of 2- 1 0° o by weignt as reduced to TiCu and/or Zr0 2 heating and melting the mixture 
at 1 000-1 500°C rapidly cooling and vindicating the molten material crusnmg the virtrificated material into frit and 
preparing glaze powder from the frit 

[0051] The glaze powde r accumulation step includes applying the glaze powder on the surface of an insulator so as 
5 to form a glaze-powder-accumulated layer 

[0052] The glost-firinq step includes *irmq tne insulator at S00-950°C so that the qlaze-powder-accumulated layer is 
baked and fixed on the surface of the insulator 

[0053] As the source pcwder ''or each of the components trot only a source powde r fcr a cationic component a 
source powder for an auxiliary cationic component is included) there may be used a variety of inorganic material 

10 powders of hydroxides carbonates chlorides sulfates nitrates and phosphates of the component in addition to the 
oxides (including compound oxides) of the component These inorganic material powders must be those which can 
be converted to oxides through heating and melting Rapid cooling may be effected by spraying the molten material 
onto the surface of a cooling roll so as to obtain rapidly-cooled solidified material in the form of flakes in addition to a 
method of immersing the molten material in water 

'5 [0054] The frit for the glaze powder may be dispersed in water or solvent so as to obtain glaze slurry In this case : 
the glaze slurry is applied on the surface of the insulator and dried so that a glaze slurry coating can be formed as a 
glaze-powder-accumulated layer As a method of applying tne glaze slurry on the surface of the insulator, there may 
be used a method of spraying the glaze slurry through a spray nozzle, which facilitates formation of a glaze-powder- 
accumulated layer having a uniform thickness and regulation o 4 a thickness of the layer 

20 [0055] A proper amount of clay minerals or organic binders may be added to the glaze slurry in order lo enhance 
shape-f etaming performance of the thus-formed glaze-powder-accumulated layer Examples of usable clay minerals 
include those containing aluminosilicate hydrates as the mam components, such as a clay mineral containing as the 
main components, at least one of allophene. imogolite hisingente, smectite, kaolinite. halloysite. montmorilonite illite 
vermiculite dolomite and the like as well as compounds thereof Also, from the viewpoint of oxide components com 

25 tamed there may be used a clay mineral containing, as the main components, at least one of Fc 2 0 3 , TiOo. CaO. MgO. 
Na 2 0 ; K 2 0, and the like in addition to Si0 2 and Al 2 0 3 

[0056] The spark plug of the present invention includes the through-hole, the terminal metal piece, the center elec- 
trode and the sintered conductive material portion (including conductive glass seal layers, and a resistor) The through- 
hole is axially formed through the insulator The terminal metal piece is fixed at one end of the through-hole and the 
30 center electrode is fixed at the other end of the through-hole The sintered conductive material portion is formed from 
a mixture of glass and conductive material, and is disposed within the through-hole and between the terminal metal 
piece and the center electrode so as to electrically connect these components to each other. 
[0057] The spark plug is manufactured by a method comprising the following steps: 

Assembly manufacture step An assembly is manufactured as follows A terminal metal piece is fixed to one end 
of a through-hole of an insulator and a center electrode is fixed to the other end of the through-hole. A sintered 
conductive raw powder containing mainly glass and conductive material is charged into a space between the 
terminal metal piece and the center electrode within the through-hole so as to form a powder-charged layer. 
Glost-firing step The following two procedures are performed concurrently The assembly having a glaze-powder- 
accumulated layer formed on the surface of the insulator is heated at 800-950°C so as to bake and fix the layers 
on the surface of the insulator, to thereby form a glaze layer, and the glass powder in the powder-charged layer 
is softened 

Press step The center electrode and the terminal metal piece are brought into close proximity within the through- 
hole so that the powder-charged layer is pressed between the center electrode and the terminal metal piece, to 
tnereby establisn a sintered conductive material portion 

[0058] In this case, the center electrode and the terminal metal piece are electrically connected to each other via the 
sintered conductive material portion, and the space between the inner surface of the through-hole and the center 
electrode or the terminal metal piece is sealed. Therefore, the above-described glost-firing step and press step provides 
so a glass seal step The present method is efficient, since the glass seal step and glost-firing step are performed at the 
same time Also, since the above-described glaze is used, the glost-f inng temperature can be made as low as 
800-950°C As a resultdefective products stemming from oxidation of the center electrode and the terminal metal 
piece arc seldom produced, resulting in increased product yield of the spark plug 

[0059] In this case, the softening point of the glaze is preferably regulated within the range of 600-700°C. If the 
ss softening point is higher than 700°C the glost-firing temperature must be 950°C or more so that the center electrode 
and the terminal metal piece are easily oxidized By contrast, if the softening point is less than 600°C ; the glost-firing 
temperature must be set to as low as 800°C or less In this case glass having a low softening point must be used for 
the sintered conductive material portion in order to obtain excellent glass sealing As a result, in the case where the 
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f,n„hPd spark plug is used over a long period of time at relatively high temperature, the glass contained ,n the sintered 
conducive material portion becomes easily altered In such a case if the sintered conductive material port.on contains 
a resistor, performance characteristics such as service life under load can be impaired. 

[00601 The softening point of the glaze is measured as follows: raw materials are mixed and melted so as to obtain 
< a bulk of v.treous glaze the bulk is reduced into particles having a particle size of about 10-100 nm: the particles are 
suhiPctpri to differential thermal analysis with reheating, and the subsequent peak after the first peak represent.ng a 
c^e-chanqinq point in an endofhermal reaction (the second peak in endothermal reaction) is determined as the sof- 
tTninq point The softening point of the glaze layer formed on the surface of the insulator is deduced irom a softening 
point obtained in the following manner: the amounts of the cationic components and the auxiliary cation ic components 
w contained ,n the glaze layer are measured: a composition as reduced to ox.des is calculated based on the amounts: 
raw materials of oxides of the respective elements are nmxed and melted so as to obtain a composition substantially 
identica' with the obtained composition: the mixture is rapidly cooled so as to obtained a vitreous sample: and the 
softening point of the vitreous sample is measured. 

[00611 The insulator on which the glaze layer is formed can be formed from an alumina-based insulating material 
is which contains Na ,n an amount of 0 07-0 5% by weight as reduced to Na 2 0 In the following description unless 
otherwise specified. "Na content" refers to the amount of contained Na as reduced to Na z O 

[00621 Various other objects, features and many of the attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood by reference to the following detailed description of the preferred 
embodiments when considered in connection with the accompanying drawings, in which: 



20 



FIG. 1 is a c . oss-sectional view showing an embodiment of the spark plug according to the first mode of the present 
invention 

FIG 2A is a partial cross-sectional view showing a main portion of the spark plug ot hiu. l , 

FIG 2B is an enlarged cross-sectional view showing the spark discharge portion and its vicinity in the main portion, 
2s FIG. 3 is a view showing the appearance ot an insulator having a glaze layer; 

FIGS 4A and 4B are views showing two embodiments of the insulator; 

FIG 5 is a view showing another embodiment of the spark plug of the present invention, 
p, A , Q i top v , e w showmo. the spar* discharge portion and its vicinity of FIG 5 

FIGS 63 i lop v.ew showing a variation of the spark rlisrharg* portion and .Is vicinity ot FIG 5 
30 FIG 7 is a view showing yet another embodiment of the spark plug of the present invention 

FIG 8 is an explanatory sketch showing a method of measuring the ,nsulat,on resistance of the spark plug; 

FIG 9 is an explanatory sketch showing a rubber press method: 

FIG 10 is an explanatory sketch showing a step of forming a glaze slurry coating; 

FIGS. 11 A - 11 D show the glass sealing steps; and 
35 FIGS 12A and 12B show the steps subsequent to the steps shown in FIGS. 11 A - 11D 

[0063] Modes of the present invention will next be described with reference to embodiments shown in drawings. 
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Embodiment 1 

[00641 FIGS 1 and 2 show an embodiment of a spark plug according to the first mode of the present invention A 
spark plug 100 comprises a cylindrical metallic shell 1 , an .nsuiator 2 a center electrode 3, and a ground electrode 4. 
The insulator 2 .s fitted into the metallic shell 1 such that a tip portion 21 of the insulator 2 projects from the metallic 
cheii 1 T h . rempr ri^trorie 3 is disposed inside the insulator 2 such that a spark discharge portion 31 formed at the 
.5 up end ot the center electrode 3 projects Horn the insulator 2 One end ot the ground electrode 4 is connected to the 
metallic shell - through welding or a like technique while the other end portion of the ground electrode 4 is curled so 
as to face the tip ena ot the center electrode 3 A spark discharge port.on 32 facing the spark discharge portion 31 is 
formed on Ihe ground eleclrode 4 A spark discharge gap g is formed between the spark discharge portions 31 and 

32 which face each othei , , T , , , . 

so [0065] The metallic shell 1 is formed into a cylindrical shape from metal such as low carbon steel The cylindrical 
metallic shell 1 serves as a housing oi the spaik piug 100 A thicaci portion 7 tc auacr-T.em '.o r-.n 
block , s formed on the outer circumferential surface of the cylindrical metallic shell 1 Numeral le denotes a tool en 
qaqement portion having a hexagonal lateral cross-section for engagement with a spanner or a wiench 
100661 A through hole 6 is axially formed in the msulator 2. A terminal metal piece 13 ,s msertec into the through 

55 hole 6 and ,s fixedly located at the tail-side end thereof, whereas the center electrode 3 is insetted into the through 
hole 6 and is fixedly located at the tip-side end thereof In the through hole 6a. a resistor 15 ,s disposed between Ihe 
terminal metal piece 1 3 and the center electrode 3 The opposite ends of the resistor 1 5 are electrically connected to 
the renter electrode 3 and the terminal metal p.ece 1 3 via conductive glass seal layers 16 and 17. respectively The 
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resistor 1 5 and the concuctive glass seal layers 16 and 1 7 constitute a sintered conductive material portion The resistor 
1 5 is made of a resistor composition prepared by heating and pressing djring tne oelow-descnbed gass sealing step 
a mixture comonsing glass powder and conductive material powde r (and ceramic powde r otner than glass as reeded) 
There may be employed an alternative structure in wmch the resistor 15 is omitted and the terminal metal piece 13 
s and the center electrode 3 are integrated via a single conductive glass seal layer 

[0067] The insulator 2 has a through hole which axial ly extends in the interior thereof for accommodating the center 
electrode 3 The entire insjlaior 2 is formed of an msulatinq mater, al containing a^mina as a ma'n component \ e a 
sintered body of alumina ceramic containing A1 in an amount o? 65-98% (preferably 90-98° o ) by weight as reduced to 
Al 2 0 3 

10 [0068] Specific examples of the components other tnan A include 

Si component 1 50-5 00% by weight as reduced to Si0 2 
Ca component 1 20-4 00°o by we;ght as reduced to CaO. 
Mg component 0 C5-0 17% by weight as reducea to MgO 
'5 Ba component 0 1 5-0 50% by weight as reduced to BaO and 

B component 0 15-0 50% by weight as reduced to B 2 0 3 

[0069] As shown in FIG 1 . the insulator 2 has a projecting portion 2e having a shape of. for example, a flange and 
projecting radially outward from the axially central portion of the insulator 2 In this context, the direction toward the tip 
end portion of ihe center electrode 3 (as viewed in FIG 1) is taken as the front side The insulalor 2 also has a body 
portion 2b which is formed on the rear side of the projecting portion 2e. as well as a first axis portion 2g and a second 
axis portion 2i which are formed in front of the projecting portion 2e in this sequence from the front side to the rear 
side The body portion 2b has a diameter smaller than that of the projecting portion 2e The first axis portion 2g has a 
diameter smaller than that of the projecting portion 2e The second axis portion 2i has a diameter smaller than that of 
the first axis portion 2g A corrugated portion 2c is formed on the circumferential surface of the rear end portion of the 
body portion 2b The first axis portion 2g has a substantially cylindrical circumferential surface The second axis portion 
2i has a substantially conical circumferential surface whose diameter decreases toward the tip end 
[0070] The area of the lateral cross-section of the center electrode 3 is made smaller than that of the resistor 15 
The through hole 6 formed in the insulator 2 includes a substantially cylindrical first portion 6a and a substantially 
cylindrical second portion 6b The center electrode 3 is inserted through the first portion 6a The second portion 6b is 
located on the tail side (on the upper side in FIG 1) of the first portion 6a and has a diameter larger than that of the 
first portion 6a As shown in FIG 1, the terminal metal piece 13 and the resistor 15 are accommodated within the 
second portion 6b. and the center electrode 3 is inserted through the first portion 6a A circumferential projection 3c 
for fixing the center electrode 3 is projected outward from the outer circumferential surface of a tail end portion thereof 
The first portion 6a and the second portion 6b of the through hole 6 are connected with each other within the first axis 
portion 2g of FIG 4A At this connection position, a projection reception surface 6c for receiving the projection 3a of 
the center electrode 3 is provided between the first portion 6a and the second portion 6b of the through hole 6 The 
projection reception surface 6c assumes the form of a tapered surface or a curved surface 

[0071] A connection portion 2h between the first axis portion 2g and the second axis portion 2i has a stepped cir- 
cumferential surface An inwardly projecting portion 1 c is formed on the inner surface of the metallic shell 1 , and serves 
as an engagement portion of the metallic shell 1 The stepped circumferential surface engages the inwardly projecting 
portion 1c via a ring-shaped plate packing 63, to thereby prevent axial sliding out A wire ring packing 62 is disposed 
between the inner surface of the rear opening portion of the metallic shell 1 and the outer surface of the insulator 2 
The wire ring packing 62 engages the rear peripheral edge of the flange-like projecting portion 2e A wire ring packing 
60 is disposed in the rear of the wire ring packing 62 via a stuffed portion 61 which is stuffed with material such as talc 
The insulator 2 is inserted into the metallic shell 1 from the rear opening and pushed forward While the insulator 2 
and the metallic shell 1 are held in this state, the opening edge of the metallic shell 1 is inwardly caulked against the 
packing 60 to thereby form a caulking portion 1d which fixes Ihe metallic shell 1 lo the insulalor 2 
[0072] FIGS 4A and 4B show two embodiments of the insulator 2. The following aie exemplary dimensions of the 
portions of the embodiments: 

Overall length L1 30-75 mm 

Length L2 of the first axis portion 2g 0-30 mm (not including the connection portion 2f for connection with the 
projecting portion 2e, but including the connection portion 2h for connection with the second axis portion 2i) 
55 Length L3 of the second axis portion 2i: 2-27 mm 

Outer diameter D1 of the body portion 2b: 9-13 mm 
Outer diameter D2 of 1he projecting portion 2e 11-16 mm 
Outer diameter D3 of the first axis portion 2g 5-11 mm 
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Outer diameter D4 of the bottom end portion of the second axis portion 2i: 3-8 mm 

Outer diameter D5 of Ihe tip end portion of the second axis port,on 2, (when the peripheral edqe of the outer tip 
end surface is curved or chamfered, D5 denotes the outer diameter as measured at the foot position of the cuived 
or chamfered portion, as viewed in the cross-section including the center axis O) 2.5-7 mm 
Inner diameter D6 of the second portion 6b of the through hole 6 2-5 mm 
Inner diameter D7 of the first portion 6a of the throuqh hole 6: 1-3.5 mm 
Wall thickness tl of the first axis portion 2g: 0.5-4 5 mm 

Wall thickness t2 of the bottom end portion of the second axis portion 2i (as measured in the direction orthogonal 
to the center axis O): 0.3-3 5 mm , h „„™ a i tr. 

Wall thickness t3 of the tip end portion of the second axis portion 2, (as measured in the direction orthogona to 
the center axis O when the peripheral edge of the outer tip end surface is curved or chamfered^ t3 denotes the 
wall thickness as measured at the foot position of the curved or chamfered portion, as viewed in the cross-section 
including the center axis O): 0.2-3 mm 

Average wall thickness tA ((t2 + t3)/2) of the second axis portion 2i: 0 25-3.25 mm 

10073] in FIG 1 a portion 2k of the insulator 2 pro,ects rearward from the metallic shell 1 and has a length LQ of 
23-27 mm (for example, about 25 mm) As viewed ,n a longitudinal cross-section including the center axis O of the 
insulator 2. the length LP of .he projecting portion 2k of the insulator 2 as measured along the contour of the .cross- 
section between the position corresponding to the rear edge of the metallic shell 1 , via the corrugated portion 2c, and 
20 the rear end edge ol the insulator 2 is 26-32 mm (for example, about 29 mm). 

r0074] For example, the dimensions of the insulator 2 shown in FIG. 4A are as follows L1 = about 60 mm. L2 
about 10 mm. L3 = about 14 mm, D1 = about 11 mm, D2 = about 13mm. D3 = about 7.3 mm. D4 = about 5^3 mm, D5 
_ about 4 3 mm. D6 - about 3.9 mm, D7 - about 2 6 mm, tl - 3.3 mm, t2 - 1 .4 mm, 13 - 0.9 mm IA - V15 mm 
f0075] In the insulator 2 shown in FIG 4B. each ol the first axis portion 2g and the second axis portion 2, has a 
25 slightly larger outer diameter as compared with that as shown in FIG. 4A For example, the dimensions of the portions 
of The insulator 2 may be as follows: L1 = about 60 mm, L2 = about 10 mm. L3 = about 14 mm, D1= about 1 ^ 
= about 1 3 mm, D3 = about 9.2 mm. D4 = about 6 9 mm, D5 = about 5 1 mm, D6 = about 3.9 mm, D7 = about 2.7 mm. 

^ 4 ^ o i rpm fl 19 rr)rr\ \A - 1 65 mm 

io076]° Next'Vshow'n'mVlG 3. a glaze layer 2d ,s formed on a surface o« the insulator ? specially ■ the outer 
30 circumferential surface of the body portion 2b including the corrugated portion 2c and the outer circum.erent.al sun ace 
of the first axis portion 2g. The formed glaze layer 2d has a thickness of 10-1 50 urn. preferably 20-50 urn As shown 
in FIG 1 the glaze layer 2d formed on the body portion 2b extends, by a predetermined length, in the axially front 
direction inside the metallic shell 1 , whereas the rear portion of the glaze layer 2d extends to the rear portion of he 
body portion 2b On the other hand, the glaze layer 2d formed on the first axis portion 2g covers the area where the 
35 portion 2g contacts the inner circumferential surface of the metallic shell 1 e.g., the area extending from the axially 
intermediate position of 2g to the position where the plate packing 63 abuts, 

[00771 The glaze layer 2d is formed of a glaze which comprises primary cationic components of Si, B Zn, and ba. 
and two elements (co-added alkal, metal components) selected from among Na, K, and Li. The glaze contains S, in 
an amount of 18-35% by weight as reduced to SiO s B in an amount of 25-40% by weigh, as reduced to Zn .n 

40 an amount of 10-25% by weight as reduced to ZnO, and Ba in an amount of 7-20% by weight as reduced to BaO The 
two co-added alkali metal components are each incorporated in an amount of 3-9% by weight in toims of Na 2 0, K 2 0. 

foora' Specifically the glaze contains S, ,n an amount of 18-35% by weight as reduced to S,0 2 , B in an amount of 
25-40% bv weiqht a-, reduced to B,0,, Zn ,n an amount of 10-25% by weight as .educed to ZnO Ba in an, amount o 

45 y-20% by weight as reduced to Bab. Na ,n an amount o! 3-9% by weight as reduced to Na 2 C» and K ,n an amount of 
3-9% by weight as reduced to K 2 0 The total amount of Si, B, Zn. Ba and co-added alkal, metal components as reduced 
to respective oxides is 95% by weight or more The giaze contains substantially no Fb. If the glaze contains Pb .he 
Hmou.v of Pb is 0% by wc.ahl or less as reduced lo PbO Furlhe, Ihe glaze may conlam as auxiliary calionic com- 
ponents, one o. mo, e elements selected Horn among Al. Ca Fe, Z, Ti, Si. My. Bi Nt 3n f a,,u M, . .The total an^oun, 

rn „; yl i a ,v ,. ; t,-,-,r romponents is 5% bv weight or less, provided that Al is calculated as reduced to A^0 3 , Ca is 

calculated as reduced to CaO. Fe is calculated as reduced to re £ O c . Zi ,s calculated .educed to ZrC 2 . ns ~°^* e ° 
-i- reduced -o Tin, Br , B .^Irulated as reduced to SrO. Mq is calc ulated as reduced to MgO. B, is calculated as reduced 
t"o B\ 2 0 3 . N, is calculated as reduced to NiO, Sn is calculated as reduced to Sn0 2 , P ,s calculated as reduced lo P 2 U 5 , 
and Mn is calculated as reduced to MnO WmoH 

-5 f00791 The body port-on 3a of the center electrode 3 and the body portion 4a of the ground electrode 4 are formed 
of Ni alloy or a like alloy. A core material 3b formed of Cu, Cu alloy, or a like material ,s embedded in the body portion 
3a of the center electrode 3 The spark discharge portion 31 and the spark discharge portion 32 facing the spark 
discharge portion 31 arc formed predominantly of a noble metal alloy primarily containing one or more elements se- 
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lected from among lr Pt anc Rh As shown in FIG 2B the body portion 3a of the center electrode 3 has a tip end 
portion whose diameter decreases toward the flat tip enc surface thereof A diskshaped chip s placed on the tip end 
surface of the center electrode 3 The diskshaped chip is formed of an alloy having the sarre composition as the alloy 
forming the above-mentioned spark discharge portions Subsequently a weld zone W is formed along the boundary 

5 between the chip and the tip end portion through laser welding electron beam welding resistance welding, or a like 
welding method the r eby fixedly attaching the chip onto the tip end portion and forming the spark discharge portion 31 
Likewise a chip s placed on the q r ound electrode 4 at a position corresponoing to the spar< discharge portion 31 
thereafter the weld zone W is formed along the boundary between the chip and the ground electrode 4 so as to attach 
the chip fixedly onto the ground e ; ec:rode 4 to thereby ; orm the spa'k cischarge portion 32 These chips may be formed 

to from a molten material which is obtained through mixing and melting of alloy components so as to attain the above- 
mentioned composition Alternatively the chips are formed of a sintered material obtained through compacting and 
sintering an alloy powder or a mixture of powdery elemental metals mixed at predetermined proportions In this struc- 
ture at least one of the spark discharge portion 31 and the spark discharge portion 32 facing the spark discharge 
portion 31 may be omitted 

f s [0080] The above-described spark plug 1 00 is manufactured for example, by the following method First the insulator 
2 is manufactured as follows Raw powders for insulator 2. i.e.. alumina powder and source powders of Si. Ca : Mg 
Ba and B components are mixed at predetermined proportions so that the above-mentioned composition in terms of 
oxides of the elements is attained after sintering of the mixed powder Predetermined amounts of a binder (PVA) and 
wate r are added and mixed to the r eby obtain a slurry Examples of the source powders of respective components 

20 may oe as follows Si0 2 powder for Si. CaC0 3 powder lor Ca. MgO powder lor Mg, BaC0 3 powder for Ba and H 3 B0 3 
powder foi B Also H 3 B0 3 may be added in the foirn of a solution 

[0081] The slurry is sprayed and dried into granules through a spray drying method or a like technique The granules 
are formed through rubber-press molding into a compact, which serves as the original form of an insulator FIG 9 
schematically shows the process of rubber-press molding. In FIG 9. a rubber mold 300 has a cavity 301 which axially 
25 extends through the interior of the rubber mold 300 A lower punch 302 is fitted into the cavity 301 at the lower opening 
portion thereof A projecting press pin 303 is integrally formed with the lower punch 302 so that the press pin 303 axially 
extends within the cavity 301 : from the punch surface of the punch 302 The press pin 303 defines the shape of the 
through hoie 6 (FIG 1 ) of the insulator 2 

[0082] In this state a predetermined amount of the granules PG are charged into the cavity 301, and the upper 
30 opening portion of the cavity 301 is closed with an upper punch 304, to thereby seal the cavity 301 In this state, 
hydraulic pressure is applied from outside the circumferential surface of the rubber mold 300 so as to compress the 
granules PG within the cavity 301 via the rubber mold 300. thereby obtaining a compact 305 as shown in FIG 10 
Before the above-described press-molding moisture in an amount of 0 7-13 wt.% with respect to 100 wt.% of the 
granules PG is added to the granules PG in order to facilitate reduction of granules PG into particulate grains under 
35 pressure The outer surface of the compact 305 is processed through grinding or a like technique so that the compact 
305 is finished to attain an exterior shape identical to that of the insulator 2 of FIG 1 Subsequently, the compact 305 
is fired at 1400-1600°C 7 to thereby obtain the insulator 2 
[0083] Independently the glaze slurry is prepared as follows: 

[0084] Source powders for providing Si. B. Zn Ba Na and K components (for example, Si0 2 powder for Si H 3 B0 3 
•*o powder for B. ZnO powder for Zn ; BaC0 3 powder for Ba, Na 2 C0 3 powder for Na, and K 2 C0 3 powder for K) are mixed 
so that the mixture contains Si in an amount of 18-35% by weight as reduced to Si0 2 B in an amount of 25-40% by 
weight as reduced to B 2 0 3 , Zn in an amount of 10-25% by weight as reduced to ZnO. and Ba in an amount of 7-20% 
by weight as reduced to BaO As the co-added alkali metal components Na is added in an amount of 3-9% by weight 
as reduced to Na 2 0 and K is added in an amount of 3-9% by weight as reduced to K 2 0 Subsequently, the mixture is 
~ 5 heated at 1000-1 b00 J O lor melting, and the molten mixture is poured into water for rapid cooling and vitrification The 
vitrif icated material is crushed, to thereby obtain glaze frit To the glaze frit are added proper amounts of clay minerals, 
such as kaolin and gairome clay, and an organic binder Water is added to the mixture, followed by mixing, to thereby 
obtain glaze slurry. 

[0085] As shown in FIG 1 0, the glaze slurry S is sprayed/applied through a spray nozzle N onto predetermined areas 
50 of the surface of the insulator 2 so as to form a glaze slurry coating 2d', which serves as a glaze powder accumulated 
layer after drying 

[0086] Next will be outlined assembly of the center electrode 3 and the terminal metal piece 1 3 into the insulator 2 
on which the glaze slurry coating 2d' has been formed, and formation of the resistor 1 5 and the conductive glass seal 
layers 1 6 and 17 First, as shown in FIG 11 A, the center electrode 3 is inserted into the first portion 6a of the through 
55 hole 6 of the insulator 2 Subsequently as shown in FIG 11B, conductive glass powder H is charged into the second 
portion 6b Subsequently, as shown in FIG 11C, a press rod 28 is inserted into the through hole 6 for preliminary 
compression of the powder H, to thereby form a first conductive glass powder layer 26 Subsequently material powder 
for the resistor is charged and subjected to preliminary compression Further, conductive glass powder is charged and 
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subjected to preliminary compression Thus as shown in FIG. 11 D within the through hole 6, the first conductive glass 
powder layer 26 a resistor material powder layer 25 and a second conductive glass powder layer 27 are layered, in 
this sequence from the side on which the center electrode 3 is located (from the lower side). 

I-00871 Next as shown in FIG 1 2A. the terminal metal piece 1 3 is inserted into the through hole 6 to thereby form 

5 a assembly PA In this state the entire assembly is mserted into a furnace and heated to 800 to 950°C, which ,s higher 
. han . hl , soften 'j n9 po ,nt of glass Subsequently the terminal metal piece 1 3 is press-fitted into the through hole 6 from 
the'tail'side'end'oppositc the center electrode 3 in order to axially press the layers 26. 25, and 27 In this way. press 
treatment is performed As a result, as shown in FIG. 12B. the respective layers are compressed and sintered^ to 
provide a conductive glass seal layer 16 a resistor 15. and a conductive glass seal layer 17 (the above-descnbed 

w process is hereinafter called a "glass sealing process") 

r0088] Since the glaze frit contained in the glaze slurry coating 2d' has the above-described composition, the glaze 
frit has a softening point of 600-700°C That is, since the amounts of Na and K in the composition are chosen to be 
relatively high the softening point is lower than that of a conventional lead silicate glass glaze Accordingly the glosl- 
finng temperature of the glaze frit can be decreased to as low as 800-950°C Therefore, as shown in FIGS J 2A and 

is 1 2B glaze slurry coating 2d' is concurrently glost-tired into a glaze layer 2d with heating in the aboveOescribed glass 
sealing process Also from a different point of view, since the heating temperature in the glass sealing process .s 
decreased from a conventionally-employed temperature of 900-1 000°C to 800-950°C, the surf aces of the center elec- 
trode 3 and the terminal metal p,ece 13 become less susceptible to ox.dation Further, since the difference between 
the coefficient of linear expansion of the glaze having the above-descnbed composition and that of alumina insulator 

20 ma ter,al forming the msulalor 2 is relatively small, the glaze layer 2d ,s less susceptible lo cracks and the like under 
cooling in the glass sealing process, which also serves as a giost-firmg process. 

r0089] in this way, the glass sealing process lor the assembly PA is completed. Subsequently, the metallic she IV 
the ground electrode 4 and other components are attached to the assembly PA, to thereby form the spark plug 100 
shown in FIG 1 The spark plug 100 is mounted onto an engine block by means of its thread portion 7, and used as 
2S an igniter for ignition of an air-fuel mixture fed into a combustion chamber. In the spark plug 100, the glaze forming the 
qlaze layer 2d has a considerably large amount of alkal, metal components However, since two kinds of alkal, metal 
components Na and K, are added in combination, conductivity is not increased considerably, thereby securing excellent 
msulaiion performance and resulting in excellent flashover prevention 

[0090] Tru- spark plug according to the present .nventon „ no. Hm,t«ri to the type shown « i and may he o, a 
30 type in which the tip end of the ground electrode 4 faces the s,de surface of the center electrode o wuh -he gap g 
formed therebetween as shown in FIG. 5. In this case, there may be provided two ground electrodes 4 that face oppos.te 
sides of the center electrode 3 as shown ,n FIG. 6A. or three or more ground electrodes 4 located around the center 
electrode 3 as shown in FIG 6B. Also, the spark plug 100 may be formed to be a semi-surface discharge plug in which 
the tip end portion of the insulator 2 is caused to enter the space between the side surface of the center electrode 3 
35 and the tip end surface of the ground electrode 4. In this structure, since spark discharge is induced along the surface 
of the tip end portion of the insulator 2, resistance to staining ,s improved as compared with the case of an aerial 
discharge plug 

Embodiment 2 

r0091l Next will be described an embodiment of a spark plug according to the second mode of the present invention^ 
Excepting the composition of the glaze layer, the structure of Embodiment 2 of the spark plug is identical to tha of 
Embodiment 1 Detailed description of the components other than the glaze layer will be omitted, as the same will be 
read.lv understood from Fl 3S 1 to 7 The glaze layer 2d » termed of a glaze comprising Si B, Zn. and Ba which serve 
45 as primary cationic comments; at least one element selected from among Ti and Zr and at .east one element selected 
from ,mong Na K and L,. which serve as alkal, metal components The amounts of the primary cationic components 
are as follows Si 20-40% by weight as reduced to SiQ 2 , B 20-3 5% by weight as .educed to B 2 0 3 . Zn. 1 5 25 ^ by 
weight as reduced lo ZnO and Bh 10-23% by weight as reduced to BaO The lolal amount of T, as reduced to T,0 2 
and Zr as reduced to ZrO, is 2-10% by weignt The toial amount of the alkal, metal components, .s 1 <?% uy weight o. 
, r .- 3 , vhci . , , , , ,-q !c j,.=.t e H rodured Ma ; 0 K is calc ulated as reduced to K ? 0 and Li is calculated as reduced to 
U,0 The Pb content as reduced to PbO .s suppressed to 0 1% by weignt or less 

r00921 Spr-cif.cnlly the nbove-desenbed composition of the glaze layer may be regulated so as to satisfy at least 
one of the" following 'our optional conditions: (1) Si content as reduced to SiQ 2 is 20-38% by weight; (2) Z^ontontas 
reduced to ZrO, is 3 4% by weight or loss (3) T, content as reduced to Ti0 2 ,s 1 .5% by weight or more: (4) WTi/WZr 
55 , s 0 2-10 wherein WZr represents Zr content as reduced to Zr0 2 , and WTi represents T, content as reduced to Ti0 2 . 
r00931 The method of manufacturing the spark plug 1 00 having the above-descnbed glaze layer 2d ,s substantially 
the same as that of Embodiment 1 except that only the composition of the raw materials for glaze layer to be used is 
different The gla/e slu.ry .s prepared as follows Source powders for providing respective components i e Si. B. Zn, 
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Ba and at least one element selected from among Ti and Zr (for example Si0 2 powder for Si H 3 B0 3 powder for B 
ZnO powder for Zn 3aCO : powder for Ba Ti0 2 powder for Ti and Zr0 2 powder for Zr) are m.xed so that :he mixture 
contains Si in an amount of 20-40% by weight as reduced to Si0 2 . B in an amount of 20-3 5% by weight as reduced 
to B 2 0 3 Zn in an amount of 15-25°o by weight as reduced to ZnO. Ba in an amount of l0-23°o by weight as reduced 

$ to BaO and a total amoun; of Ti as reduced to T02 and Zr as reduced to Zr0 2 of 2-1 0°o by weight In the case where 
at least one element selected from among Na. K. and Li is added as an alkali metal component the component source 
powder of each element is added such thai the mixture contains a total amount of Na as reduced to Na 2 C K as reduced 
to K 2 0 and Li as reduced to Li 2 0 of 12% by weight or less Subsequently, the m>xture is heated at 1 000-1 500°C for 
melttng and the molten material is poured into water for rapid cooling and vitrification The vitrificated material is 

to crushed to thereby obtain glaze frit The giaze frit may be blended with proper amounts of clay minerals such as kaolin 
or gairome clay and an organic binder Water is added to the mixture followed by mixing, to thereby obtain glaze slurry 
[0094] When the amounts of the alkali metal components and B component are determined within the above<ie- 
scribed ranges giaze slurry having low viscosity and sufficient fluidity is easily prepared. Referring to FIG 10. the glaze 
slurry S is sprayed/applied through a spray nozzle N onto predetermined areas of the surface of the insulator 2. to 

'5 thereby form a glaze slurry coating 2d 1 having a uniform thickness and suppressed engulfment of air bubbles or the 
like which may be involved in the slurry S Detailed description of the process of obtaining the spark plug will be omitted ; 
since the description is substantially the same as that provided tor Embodiment 1 Glost -firing of the glaze slurry coating 
2d* provides the glaze layer 2d having a uniform thickness and a small number of defects Since as in the case of 
Embodiment 1 the softening point of the glaze is as low as 600-700°C the heating temperature in the glass sealing 

20 process is decreased to 800-950°C from a conventionally-employed temperature of 900-1 000°C. Therefore, the sur- 
faces of the center electrode 3 and the terminal metal piece 13 become less susceptible to oxidation Further, since 
the difference between the coefficient of linear expansion of the glaze having the above-described composition and 
that of alumina insulator material forming the insulator 2 is relatively smalL the glaze layer 2d is less susceptible to 
cracks and the like under cooling in the glass sealing process, which also serves as a glost-finng process. Since the 

2S glaze forming the glaze layer 2d contains a small amount of the alkali metal components, excellent insulation perform- 
ance is secured, resulting in excellent flashover prevention 

[0095] In some cases, the spark plugs of Embodiments 1 and 2 may have the same type of glaze layer 2d, depending 
on the selection of the composition In this case, the effects of the first mode and those of the second mode of the 
present invention can be obtained concurrently 

30 

EXAMPLE EXPERIMENTS 

[0096] To confirm the effects of the present invention, the following experiments were performed 
35 Experiment 1 

[0097] An insulator 2 was formed as follows An alumina powder (alumina: 95 wt %. Na content (as reduced to Na 2 0) 
0 1 wt.%, average particle size 3.0 u.m) was mixed with Si0 2 (purity 99 5%. average particle size 15 u.m). CaC0 3 
(purity 99.9% average particle size 2 0 u.m) MgO (purity 99 5% : average particle size 2 jam) BaCO 0 (purity 99 5%, 
io average particle size 1 5 um), H 3 B0 3 (purity 99.0% average particle size 1 5 urn), and ZnO (purity: 99 5% : average 
particle size 2 0 pm) at predetermined proportions The resultant powder mixture in a total amount of 100 parts by 
weight was mixed with 3 parts by weight of PVA serving as a hydrophihc binder and 103 parts by weight of water 
followed by wet-mixing to thereby prepare a slurry 

[0098] The slurry was dried through a spray-dry method, to thereby prepare spherical granules The granules were 
passed through a sieve so as to regulate the particle size to 50-100 pm The granules were formed into a compact 
under a pressure of 50 MPa through rubber-press molding, which has been already described with reference to FIG 
9. The circumferential surface of the compact was ground to have a predetermined insulator shape The compact was 
fired al 1 550°C, to thereby obtain the insulator 2 Through X-ray fluorescence analysis, the insulator 2 was confumed 
to have the following composition: 

50 

Al 94.9 wt.% as reduced to Al 2 0 3 : 
Si 2 4 wt% as reduced to Si0 2 : 
Ca 1 9 wt % as reduced to CaO: 
Mg 0 1 wt.% as reduced to MgO: 
ss Ba: 0 4 wt.% as reduced to BaO: and 

B: 0 3 wt.% as reduced to B 2 0 3 

[O099] The dimensions of the insulator 2 shown in FIG 4A are as follows L1 = about 60 mm, L2 = about 8 mm, L3 
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= about 14 mm D1 = about 10 mm D2 = about 13 mm, D3 = about 7 mm D4 = 5.5 mm D5 = 4.5 mm. D6 ^ 4 mm, 
D7 = 2 6 mm tl = 1 5 mm. t2 - 1 45 mm, t3 = 1 25 mm, tA = 1 35 mm Further as shown in FIG 1 a portion 2k of the 
insulator 2 projecting rearward from the metallic shell 1 has a length LQ of 25 mm As viewed in a longitudinal cross- 
section including the center axis O of the insulator 2. the length LP of the projecting portion 2k of the insulator 2 as 
measured along the contour of the cross-section between the position corresponding to the rear edge of the metallic 
£ h e !! i V r the corrugated portion 2c. and the rear end edge of the insulator 2 is 29 mm. 

[0100] Next, glaze slurry was prepared First, the following raw materials were mixed at various proportions: Si0 2 
powder (purity: 99.5%). H 3 B0 3 powder (purity: 98.5%). ZnO powder (purity. 99.5%), BaC0 3 powder (purity: 99.5%), 
NaoCO. powder (purity: 99.5%), K 2 CO a powder (purity: 99%), Al 2 0 3 powder (purity 99.5%), Fe 2 0 3 powder (purity: 
99 0%)XaCO 3 powder (purity 99.8%), Ti0 2 powder (purity. 99.5%). SrC0 3 powder (purity: 99%), Sn0 2 powder (purity: 
99%), and FeO powder (purity: 99%) Each of the resultant mixtures was heated at 1000-1 500°C for melting The 
molten material was poured into water for rapid cooling and vitrification The vitrificated material was crushed by use 
of an alumina-made pot mill for reduction so as to attain a particle size of 50 (am or less, to thereby obtain glaze frit. 
The glaze frit was mixed with 3 parts by weight of clay mineral such as New Zealand kaolin, 2 parts by weight of PVA 
as an organic binder, and 100 parts by weight of water, wherein the amounts are based on 100 parts by weight of the 
glaze tnt. to thereby obtain glaze slurry 

[0101] As shown in FIG 10 the glaze slurry was sprayed through a spray nozzle onto the surface of the insulator 
2, followed by drying, to thereby form the glaze slurry coating 2d'. After drying, the thickness of the glaze coating 
became about 80 urn. By use of the thus-fabricated insulators 2, various types of spark plugs 100 shown in FIG. 1 
were prepared through the method described with reference to FIGS. 11 A-11D, 12A, and 12B. However, the outer 
diameter of the thread portion 7 was made 14 mm. Also, B 2 0 3 -Si0 2 -BaO-U 2 0 glass, Zr0 2 powder, carbon black 
powder, Ti0 2 powder, and metallic AI powder were used as raw powders for the resistor 15; and B 2 0 3 -Si0 2 -Na 2 0 
glass, Cu powder, Fe powder, and Fe-B powder were used as raw powders for the conductive glass seal layers 16 
and 17 the temperature during glass sealing; i.e., the glost firing temperature, was 900°C. The glaze layer 2d formed 
on the surface of each of the insulators 2 had a thickness of about 50 um. 

[01 02] Separately, samples of glaze in lump form were prepared through solidification without subsequent crushing. 
Through X-ray diffraction, the samples of lumpy glaze were confirmed to have been vitrificated (amorphous). The 

following experiments were performed by use of the samples 

(1) Analysis of chemical composition Fluorescent X-ray spectrometry was performed Tables 1 and 3 show the 
values (as reduced to corresponding oxides) of each samples obtained through the analysis. Also, the composition 
of the glaze layer 2d formed on the surface of each of the insulators 2 was determined through EPMA, which 
confirmed that the results were substantially in agreement with those obtained through analysis of the lumpy sam- 
ples 

(2) Coefficient of thermal expansion: A piece (5 mm x 5 mm x 10 mm) for measurement was cut from each of the 
lumpy samples, and an average was calculated from measurements performed between 20°C and 350°C through 
a known method using a dilatometer. Also, a test piece of the same dimensions was cut from each of the insulators 
2, and subjected to the same measurement: the coefficient was 73 x 10 _/ / o C. 

(3) Softening point Each of the powder samples (50 mg) was subjected to differential thermal analysis by the 
application ol heat The measurement started from room temperature, and the temperature at the second peak in 
endothermal reaction was determined as the softening point. 

[0103] The insulation resistance of each of the spark plugs was measured at 500°C at 1000V through the method 
which has been already described with reierence to FIG 8 The state of the giaze layer 2d formed on each of the 
insulators 2 was visually checked The results are shown in Tables i -4 
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Primary components fas oxides) 


Auxiliary component (as 
oxide) 


(Wt%) 


B 2 C 3 
(wt%) 


(wt%) 


(wt%) 




Bao 
(wt%) 


(wt%) 


(wt%) 


(Wt%) 


r 


16 


44 


4 0 


4 0 


1 52 


13 


17 5 


96 5 


1.5 
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25 


35 


4.C 


4 0 


1.52 


13 


17 5 


96.5 


1.5 
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30 


30 


4 0 


4 0 


1 52 


13 


17 5 


98 5 


1 5 
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4 0 
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1.52 
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98 5 


1.5 
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Table 1 (continued) 



15 



25 





Primar/ components (as oxides) 


Ajxi lary comporen; (as 
oxide) 


Si0 2 

(V/l°c) 


B 2 0 3 

(wtV) 


Na 2 0 

(Wt°o) 


K 2 0 

(Wt°o) 




BaO 

(Wt°o) 


ZnO 

(Wt°o) 


Total 

(Wt°o) 


Al 2 0 3 

(Wt°o) 


5* 


40 


20 


4 0 


4 0 


1 52 


13 


17 5 


98 5 


1 5 


6 


28 


32 


4 0 


4 0 


1 52 


13 


17 5 


96 5 


1 5 


7* 


23 


32 


4 0 


4 0 


1 52 


5 


25 5 


98 5 


1 5 


6 


23 


32 


4 0 


4 0 


1 52 


8 


22 5 


98 5 


1 5 


9 


28 


32 


4 0 


4 0 


1 52 


13 


17 5 


98 5 


15 


10 


28 


32 


4 0 


4 0 


1 52 


18 


12 5 


98 5 


15 


ir 


28 


32 


4 0 


4 0 


1.52 


22 


6 5 


98 5 


15 


12* 


27 


31 


2 


9 


0 34 


12 5 


17 0 


98 5 


1 5 


13 


27 


31 


3 


8 


0 57 


12 5 


17 0 


98 5 


15 


14 


27 


31 


4 


7 


0.87 


12.5 


170 


98 5 


15 


15 


27 


31 


5 


6 


1 27 


12 5 


17 0 


98.5 


15 


16 


27 


31 


6 


5 


1.82 


12 5 


17 0 
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1 5 
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31 


8 
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4 05 


12 5 
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1 5 
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27 
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10 
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15 2 


12 5 


17 0 


98 5 


1.5 
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Table 2 







Softening point 


Coefficient of thermal 


Insulation resistance 


Remarks 


35 




<°C) 


expansion {x 10" 7 /°C) 


(M<>) at 500°C 




r 


600 


94 


550 


Cracks on the surface of 
glaze 




2 


640 


82 


750 


Cracks on the surface of 


40 










glaze 


3 


650 


75 


800 


Cracks on the surface of 
glaze 




4 
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60 
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Cracks on the surface of 


4b 










glaze 


5* 


700 


45 


350 


Crazing in the surface of 
glaze 




6 


650 


83 


550 


Crazing in the surfdee of 
glaze 


50 


7* 


620 


90 


150 


Cracks on the surface of 
glaze 




8 


640 


88 


250 


Cracks on the surface of 
glaze 


55 


9 


670 


82 


650 


Cracks on the surface of 
glaze 



note) *: outside the scope of the invention 
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Table 2 (continued) 





Softening point 
(°C) 


Coefficient of thermal 
expansion (x 10" 7 /°C) 


Insulation resistance 
(Mil) at 500°C 


Remarks 


10 


685 


70 


700 


Cracks on the surface of 
glaze 


11* 


750 


65 


850 


Poor melting of glaze 


12* 


730 


78 


50 


Poor melting of glaze 


13 


700 


68 


ou 


Poor melting of glaze 


1 A 
I H 
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59 
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Poor melting of glaze 


15 
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71 
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Poor melting of glaze 
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65 
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Poor melting of glaze 


17 


630 


78 


80 


Poor melting of glaze 


18 


630 


74 


45 


Poor melting of glaze 


19* 


610 


80 


25 


Poor melting of glaze 
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25 
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35 



40 



45 
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Table 4 





Softening point 
(°C) 


Coefficient of thermal 
expansion (x 10' 7 /°C) 


Insulation resistance 
(MU) at 500°C 


Remarks 


101 


710 


67 


550 


Cracks on the surface of 
glaze 


1 c\o 

1 \J£L 




S5 


320 




I UO 


695 


78 


400 




1 r\A* 




50 


550 




I Uo 


770 


48 


250 


Poor meltingof glaze, and 
cracks 


106* 


750 


56 


200 


Poor melting of glaze 




pi n 


79 


450 


Poor melting of glaze 


1 Ub 


OOU 


76 


700 




1 HQ 




72 


650 




1 1 U 




73 


800 




1 1 1 * 


DOU 


68 


900 




1 1 ei 


DoU 


61 


150 


Phase splitting of glaze 
surface (striae) 


1 1 3 


qoo 

OZU 


75 


950 


Poor melting of glaze 


1 1 4 




71 


800 




1 1 5 


6^5 


69 


700 




116 


625 


73 


550 




117 


600 


71 


150 




118* 


610 


87 


80 


Cracks on the surface of 
glaze 


119* 


675 


75 


50 




120* 


590 


91 


25 


Cracks on the surface of 
glaze 



15 



35 



note) * outside the scope of the invention 

[0104] Therefore, in the spark plug having a glaze layer which satisfies the requirements of the first mode of the 
present invention no cracks or other defects were generated on the glaze layer, indicating that an excellent glaze layer 
was obtained even at a low glost-firing temperature of 800-950°C Although the amounts of alkali metal components 
were high the insulation resistance was as high as 200 Mil at 500°C indicating excellent flasnover prevention 

Experiment 2 

[0105] insulates 2 of the same shape and material as in Experiment 2 were fabricated Glaze slurry was ^prepared 
as follows The raw materials used were Si0 2 powder (purity. 99 5%) H 3 BG 3 powder (purity 96.5%). ZnO powder 
/parity qq 5°'o BaOO- powder Purity W 5%) Na.CO, powder (ountv 99 5%) K ? OC% powder (purity 99%). Li ? C0 3 
powder (purity 99%), Al 2 0 3 powder (purity 99 5%). Ca0O 3 powder (purity 99 6%). I iU 2 powaer (purity 99 5%) and 
ZrC% powder fpurity 98%) These were mixed at various mixing proportions The resultant mixture was heated at 
1 000-1 500°C for melting The molten material was poured into water for rapid cooling and vitrification The vitriticated 
material was crushed by use of an alumina-made pot mill into grains having a average particle size of 9-10 urn, to 
thereby obtain glaze frit. To the glaze frit were added kaolin in an amount of 10% by weight serving as a clay mineral 
(England kaolin), an acrylic organic binder in an amount of 1% by weight, and water in an amount of 35% by weight, 
with the remainder being the glaze frit, followed by mixing, to thereby obtain glaze slurry 
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[0106] Each of the th js-obtained glaze slurries was allowed to stand for 10 days in a constant temperature bath at 
40°C in order to stabilize the eljtion o1 B component and alkali metal components from the glaze frt followed by 
measurement by use o' a Model B viscos meter (Model 3. product of Tokyo Keik: K K Type No BH) 
[0107] A variety of spark plugs 100 shown in FIG 1 were manufactured under the same conditions as in Experiment 
1 except that the above-cescrited glaze slurries were used ("000 pieces were manufactured for each glaze slurry 
composition) The glaze layer 2d formed cn each of the insulators 2 had a thickness of aoout 50 u.m As in Experiment 
1 the thus-obtained spark plugs were measured for their insulation resistance at 500°C The state of tne glaze layer 
2d formed on each of the insulators 2 was visually checked 

[0108] Separately samples of lumpy glaze were prepared through so ! idification wthout subsequent crushing The 
lumpy samples were confirmed to have been vitnficated ^amorphous) through X-ray diffraction The following experi- 
ments were performed by use of the samples 

(1) Analysis of chemical composition X-ray fluorescence analysis was employed Table 5 shows the vaiues (as 
reduced to the respective oxides) for each sample obtained through the analysis Also, the composition of the 
glaze layer 2d formed on the surface of each of the insulators 2 was determined through EPMA and the obtained 
values were confirmed to be substantially identical to the values obtained through ana'ysis of the lump samples 

(2) Softening point Each powdery sample (50 mg) was subjected to difterential thermal analysis under heat The 
measurement was performed from room temperature and the temperature at the second peak in endothermal 
reaction was determined as the softening point The results are shown in Table 6 

(3) The glaze layer obtained through glosl-finng was visually checked for cracks or crazing and the number of 
spa;k plugs having an affected glaze layer pet 1000 was counted The results aie shown in Table 6 



0959542A1 I > 



20 



EP 0 959 542 A1 



15 



30 



+ 



o 

I— 



o 

+ 



o 



o 

E 
o 
o 



B 



55 



O 



in 



io 



iq 



o 



OQ 



O 
c 



! 2Q 



(N — 

o oo o 



rr i 

r>i i O 



''Si 



^ ooi- 



O i O 



— O 

oi eg 



o o 
o 



OO O 

o o 



r4 



. — : in 
m i — 



cm r-4 



On 



a 

r 4 ! 



\0 i m 



I 



< — ! 



l 

tj- ' * ! r-J O ! r-i — 

t^. i \6 O v> 
oi , i c-j c-j a 



■ — ; O i C' 



O ! O 



O 



T3 



BNSDOCiD <EP 0959542A1 I 



21 



7 



EP0 959 542 A1 





o 




o 




o 


o 




CD 


L_ 




o 




Cu 








50 




c 


c 


ciZI 








u 



10 



c 
-a 



o 
a. 



o 
o 

o 



_2 
c 



O 

U 



o 
E 



_0 



3 
C 



g 



o 



> 



> 

-2 E 



c 

"c 

G. 

c 



c 



55 



O 



rsi ; o 



CO 



o 

o 



-o 
CD 



o 
o 
oo 



o 
o 
^1 



o 
o 



o o 



^, ■ o 



> 



o 
u 



-a 



3 
o 



o 
c 



BNSDOC:D ^EP I > 



22 



10 



EP 0 959 542 A1 

r0109] As is apparent from the above, in the spark plug having a glaze layer which satisfies the requirements of the 
second mode of the present invention, conditions of a molten glaze layer were excellent, and the incidence of cracking 
or crazing was low Especially, an excellent glaze layer were obtained even at a low glost-firing temperature of 
800-95CTC The insulation resistance was as high as 200 Mil op uope at 500'. indicating excellent flashover prevention. 
Also" the glaze slurry used for forming a glaze layer had a relatively low viscosity, which contributed to formation of a 
^ m nn C nooiic maze laver havina fewer defects. 

[01101" Ob»ioC*iy numerous modifications and variations of the present invention are possible in light of the above 
teachings It is therefore to be understood that within the scope of the appended claims, the present invention may De 
practiced otherwise than as specifically described herein 

Claims 

1. A spark plug comprising: 
a center electrode (3): 

a metallic shell (Vi disposed so as to surround the center electrode (3): 

a ground electrode (4), one end of the ground electrode (4) being connected to the metallic shell (1 ), while the 
other end ol the ground electrode (4) facing the center electrode (3); 

an insulator (2) disposed between the center electrode (3) and the metallic shell (1 ) such thai the insulator (2) 
coveis the outei surface of the center electrode (3). and 

a glaze layer (2d) mainly formed of oxides and adapted to cover at least a portion of the surface of the insulator 
(2). characterized in that 

glaze which forms the glaze layer (2d) predominantly comprises Si. B, Zn, and Ba, and two co-added alkali 
metal components selected from among Na. K, and Li. wheren the amount of Si is 18-35% by weight as 
.educed to S.O, the amount of B is 25-40% by weight as reduced to B 2 0 3 . the amount of Zn is 10-25/o by 
weight as reduced to ZnO„ the amount of Ba is 7-20% by weight as reduced to BaO, andthe amount of each 
_ ;t tho |vvo co _ aC ded alkali metal components is 3-9% by weight as reduced to Na ? C. K 2 O r or Li 2 0. 

2 A spark pluq according to Claim 1. wherein the gia/e contains a. m „n «moun, ^ ^-JO ,. ~, - --- 

to SO, B in an amount of 30-3 5% by weight as reduced to B 2 0 3 . Zn in an amount of 1 2-18% by weight as reduced 
to ZnO Ba in an amount of 8-1 5% by we,ght as reduced to BaO. Na in an amount of 3-9% by weight as reduced 
to Na 2 C\ and K in an amount of 3-9% by weight as reduced to K 2 0. 

3 A spark plug according to Claim 1 or 2, wherein the glaze contains, as auxiliary cationic components, one or more 
' elements selected from among Al. Ca. Fe, Zr, Ti, Sr, Mg, Bi, Ni, Sn, P, and Mn, the total amount of the auxiliary 

catmnic components being 5% by weight or less with respect to the entirety of the glaze composition, wherein Al 
,s calculated as reduced to Al 2 0 3 . Ca is calculated as reduced to CaO. Fe is calculated as reduced to Fe 2 Q 3 , 
is calculated as reduced to Zr0 2 . Ti is calculated as reduced to T.O a , Sr is calculated as reduced to SrO, Mg .s 
calculated as reduced to MgO, B, is calculated as reduced to B, 2 0 3 , Ni is calculated as reduced to NO. Sn ,s 
calculated as reduced to Sn0 2 . P is calculated as -educed to P 2 0 5 , and Mn is calculated as reduced ; o MnO 

4. A spark plug according to any one of Claims 1 -3. wherein the glaze contains substantially no Pb or contains Pb 
in amount ot 1 C% by weight or less as reduced to PdO 

5. A spark plug according to any one of Claims 1 -4. wherein the total amount ot the co-added alkali metal components 
contained in the glaze is 6-20% by weight as [educed to their oxides 

6 A spa.K p.ugacxo.d.m) to any one ot Claims 1-5. wheiein when A. .ep^ents tl.u «i.oui.t by mole of ore of the 
tw , ro . afW ^ alK a!i metal components and A2 represents that of the other provided that Na is calculated as 
reduced to Na 2 G, K ,s calculated as reduced to K 2 C. and Li ib ululated as reduced to li^u ire value d Ai.A< 
is regulated within the range of 1 0-2 0 

7 A <.pa« plug accord.ng to any one of Claims i -6. wherein the total amount ot cationic components contained in 
ss ' the glaze , e Si. B. Zn, Ba. and co-added alkali metal components is at least 95% by we.ght as reduced to their 

oxides 

8, A s.park plug comprising 
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a center electrode (3) 

a metallic shell (1 i disposed so as to surround the center electrode (3) 

a ground electrode (4) one end of the ground electrode (4) being connected to the metallic shell (1 ) while the 
other end ot the ground electrode (4) facing the certer electrode (3) 
s an insulator (2) disposed between the center electrode (3) and the metallic shell (1 ) such that the insulator (2) 

covers the outer surface of the center electrode (3): ard 

a claze layer (2d) formed sc as to cover at least a portion of the surface of the insulator (2) characterized in that 
glaze which ferns the glaze layer (2d) predominantly comprises Si B. Zn. and Ba as well as at least one 
component selected from ~i and Zr. wherein the amount of Si is 20-38°o by weight as reduced to Si0 2 the 
10 amount of B is 20-3 5°o by weight as reduced to B 2 0 3 the amount of Zn is 15-25°o ty weight as reduced lo 

ZnO the amount of 3a is 10-23 c o by weight as reduced to BaO and the amount ol Ti and Zr is 2-1 0° o by 
weight as reduced tc Ti0 2 or Zr0 2 . and the glaze further comprises at least one alkali component selected 
from among Na K and Li in a total amount of 1 2% by weight or less as reduced to their oxides, wherein the 
Pb content is not greater than 0 1% by weight as reduced to PbO 

75 

9. A spark plug according to claim 8 wherein the Zr content as reduced to Zr0 2 is not greater than 3 4% by weight 

10. A spark plug according to claim 3 or 9 wherein the Ti content as reduced to T\0 o is no: greater than 1 5% by weight 

20 11. A spark plug according lo claim 8 9 or 10 wherein the ratio between Ihe Ti content WTi as reduced lo T0 2 and 
the Zr content WZr as leduced to Zr0 2 . i.e.. WTi/WZr is 0.2-10 

12. A spark plug according to any one of Claims 8-11 wherein the total content of a component selected from Ti and 
Zr and the alkali metal component is not less than 8% by weight 

25 

1 3. A spark plug according to any one of Claims 1 -1 2, wherein the spark plug comprises a rod-shaped terminal metal 
piece portion (1 3) disposed within a through-hole of the insulator (2) such that the terminal metal piece portion is 
integrated with the center electrode (3). or is separated from the center electrode (3) with a conductive bonding 
layer disposed therebetween and 
30 the insulator (2) has an insulating resistance of 200 KAU or greater when measured in a state in which the 

entirety of the spark plug is maintained at about 500°C, and an electric current is caused to flow between the 
terminal metal piece portion (13) and the metallic shell (1 ) 

14. A spark plug according to any one of Claims 1-13, wherein the insulator (2) is formed from an alumina-based 
3 s insulating material containing At in an amount of 85-98% by weight as reduced to Al 2 0 3 ; and 

the glaze has an average coefficient of linear expansion of 50 x 10* 7 /°C to 85 x 10- 7 /°C as measured within 
the temperature range from 20°C to 350 3 C 

15. A spark plug according to any one of Claims 1-14. wherein the softening point of the glaze is in the range 600-700°C 

40 

16. A method of manufacturing the spark plug according to any one of Claims 1 -7. characterized by comprising 

a glaze powder preparation step for preparing glaze powder; 

a glaze powder accumulation step for applying the glaze powder on the surface of the insulator (2) so as to 
- 5 torm a glaze-powder-accumulated layer, and 

a glost-finng step lor firing the insulator (2) at 800-950°C so that the glaze-powder-accumulated layer is baked 
and fixed on the surface of the insulator (2), 

wherein ihe glaze powder preparation step comprises the sleps of 

mixing source powders for Si, B, Zn and Ba as cationic components, and source powders for two co-added 
50 alkali metal components selected from among Na, K, and Li such that the mixture contains Si in an amount 

of 18-35% by weight as reduced to SiG 2 , B in an amount of 25-40% by weight as reduced to B 2 O a , Zn in an 

amount of 10-25% by weight as reduced to ZnO ; Ba in an amount of 7-20% by weight as reduced to BaO 

and each of the co-added alkali metal components in an amount of 3-9% by weight when Na is reduced to 

Na 2 0, K is reduced to K 2 0 : and Li is reduced to Li 2 0: 
55 heating and melting the mixture at 1 000-1 500°C 

rapidly cooling and v rtrif icat in g the molten material; 

crushing the virtrificated material into frit; and 

preparing glaze powder from the frit 
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17. A method of manufacturing the spark plug according to any one of Claims 8-11 , characterized by comprising: 

a glaze powder preparation step for preparing glaze powder: 

a glaze powder accumulation step for applying the glaze powder on the surface of the insulator (2) so as to 
5 form a qlaze-powder-accumulated layer: and 

a qlost-fmnq step for firing the insulator (2) at 800-950°C so that the giaze-powder-accumuialed layer is baked 
and fixed on the surface of the insulator (2), 

wherein the glaze powder preparation step comprises the steps of . 

mixing source powders for Si B, Zn, and Ba as cationic components, and source powder for at least one 
w component selected from Ti and Zr such that the mixture contains Si in an amount of 20-40% by weight as 

reduced to SiCu B in an amount of 25-30% by weight as reduced to B 2 O a Zn in an amount of 15-25% by 

weight as reduced to ZnCX Ba in an amount of 10-23% by weight as reduced to BaO, and Ti and Zr in an 

amount of 2-10% by weight when Ti is reduced to Ti0 2 , and Zr is reduced to Zr0 2 

heating and melting the mixture at 1000-1500°C, 
is rapidly cooling and virtrificating the molten material; 

crushing the virtriricated material into frit; and 

preparing glaze powder from the frit. 

18. A method of manufacturing a spark plug according to Claim 16 or 17, wherein a terminal metal piece is fixed at 
20 one end of a ihrough-hole axially formed through the insulator (2), the center electrode (3) is fixed at the other end 

of the through-hole, and a sintered conductive material portion is formed from a mixture of glass and conductive 
material, and is disposed within the through-hole and between the terminal metal piece and the center electrode 
(3) so as to electrically connect these components to each other, the method comprising: 

25 an assembly manufacture step for manufacturing an assembly in which the terminal metal piece is fixed to 
one end of the through-hole of the insulator (2), the center electrode (3) is fixed to the other end of the through- 
hole, and a sintered conductive raw powder containing mainly glass and conductive material is charged into 
-i space between the terminal metai piece and thu center eit^ir^atr ^ i.-.c 

.\ powde; charged layer 

. " . . . , 4 i _ _ + -i_ / , j tfi^rr'nal no ntn I ni^r-ri \r-\1r\ /~lr\cp nrfWimitV Within the 

30 a press step tor Dnnging ihe center eiectiode ^o; nna mik leirrhna. m c d, ,. ..^ ^,w^t? 3 - 

through-hole, in the heated assembly, so that the powder-charged layer is pressed between the center elec- 
trode (3) and the terminal metal piece, to thereby form the sintered conductive material portion: and 
a glost-firing step in which there are simultaneously performed the steps of heating the assembly having a 
glaze-powder-accumulated layer formed on the surface of the insulator (2) at 800-950°C so as to bake and 

35 fix the layer on the surface of the insulator (2), to thereby form a glaze layer (2d), and softening the glass 

powder in the powder-charged layer 
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FIG. 2A 
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FIG. 3 
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FIG. 4A 



FIG. 4B 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 10 




BNSDOClD <EP 0959542A1 I 



35 



EP 0 959 542 A1 




BNSDOCID <EP 0959542A1 I =. 



36 



EP 0 959 542 A1 



FIG. 12A FIG. 12B 
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